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INTRODUCTION
With a growing population and the worst drought in recorded history, unprecedented pressure has been placed on South East Queensland's (SEQ) water supplies. Water levels in the dams which supply the region with drinking water fell to historically low levels in September 2007 with less than 17% of the total storage capacity full.
The State Government of Queensland initiated a Regional
Drought Strategy in 2005 to secure water supply for SEQ in the present and future. A water grid was created that involved the construction of major strategic assets to drought proof the area, which included 4 non-conventional source water treatment plants: a 125 ML/day seawater desalination plant on the Reverse osmosis (RO) filtration is the main separation process used for water purification in all the plants, which is very effective in achieving high water quality but also often regarded as an energy intensive process, which could raise concerns, especially within a GHG mitigation perspective. Indeed Australia ratified the Kyoto Protocol in 
SCOPE OF STUDY AND METHODS

South East Queensland's water grid and WaterSecure assets
The Gold Coast desalination plant is located in Tugun, about 90 km south of Brisbane. Seawater is drawn from an underground intake tunnel 1.5 km from the shore line. The water is shock chlorinated once per day to avoid mussels and other shell development on the intake structure. From there, the water is treated with:
• pre-treatment -coagulation with ferric sulphate, pH adjustment with sulphuric acid, dual media filtration and sodium bi-sulphite dechlorination;
• 2 pass RO filtration -this step includes cartridge filters, DWEER energy recovery devices, antiscalant and sodium hydroxide (2 nd pass) dosing;
• remineralisation with lime water and CO 2 addition and final chlorination.
Drinking water is pumped from the plant to the distribution system where it is blended with other drinking water produced from conventional surface water (dam) treatment. • pre-treatment -coagulation/settling with ferric chloride for phosphate precipitation and chloramination;
• Micro-or Ultra-Filtration;
• 3-stage RO filtration -this step includes antiscalant dosing and is designed for an overall 85% recovery;
• advanced oxidation by hydrogen peroxide dosing and UV light irradiation;
• remineralisation with lime water and CO 2 addition and final chlorination. 
Goals definition and scope
The primary goal of LCA is to choose the best product/process with the least effect on human health and the
environment. However the US Environment Protection
Agency listed several secondary goals achievable by LCA depending on the type of project (EPA ). This study specifically focused on the following objectives:
• Support of a broad environmental assessment of WaterSecure's operations which could help in identifying relative environmental burdens of specific plants or processes.
• Establish baseline information for processes and plants operated at an early stage in asset life which may later be used in the decision making process for asset renewal or upgrade.
• Rank the relative contribution of individual processes within single water treatment plants.
While designed for the augmentation of drinking water supply in SEQ, the 3 AWTPs producing PRW
have not yet introduced water into the region's main reservoir. This study has been performed using actual • The decommissioning phase at end of plant life is considered to be negligible;
• The potable water production plant is estimated to have a lifetime of 30 years;
• An expected membrane life of 5 years.
Life cycle inventory
A Life Cycle Inventory (LCI) quantifies the energy and materials usage (inputs flows) and releases (output flows) generated by the processes carried out during the life-cycle of potable water supply. These processes are divided into two types:
• Foreground processes: these are the processes performed by the water industry and include plant construction and plant operation. Eolia™ Potable Water proposes a database of elementary water treatment modules that quantify the inputs and outputs of each treatment process.
These modules may easily be interconnected in the graphic interface of GaBi to model a treatment process.
• Background processes: these are the processes that are not performed by the water industry but nevertheless belong to the life-cycle of potable water supply. They represent the production and the supply of the commercial products purchased by the water industry (e.g. concrete, chemicals or electricity). These processes have been modeled using the Ecoinvent database (Frischknecht et al. ).
The electrical energy supplied by the grid in SEQ is generated 88% from hard coal, 10% from natural gas, and 2% from renewable energy (State of Queensland ) and was modelled within the Gabi LCA software using datasets from Ecoinvent. Operating the desalination plant at 33% results in a 10%
higher electricity consumption per m 3 of treated water produced when compared to operating at 66% or 100%, which can be explained by the internal by-pass of seawater required for reaching the appropriate velocity in the discharge diffusers (Figure 4(a) ).
Similarly, a clear correlation was made with the production flow at Bundamba AWTP (Figure 4(b) ). In this case, the increase of specific electricity consumption at lower flows can be attributed to a loss of equipment efficiency and the increase of the relative consumption of non-flow dependant auxiliary equipment.
GHG emissions -carbon footprint
GHG emissions from Bundamba AWTP and the Gold Coast desalination plant are shown in Figure 5 . Production and distribution of desalinated water generates just over twice the amount of GHG generated from water recycling (4.2 and 2.0 kg CO 2 -eq/m 3 respectively). In both cases, the production of electricity used by the plants represents a major contributor to GHG emissions, 85% and 95% respectively for water recycling and desalination. This is followed by chemicals production and plant and pipe network construc- 
CONCLUSIONS
Specific energy consumption (kWh/m 3 of produced water) and greenhouse gas emissions from a seawater desalination plant and an advanced water recycling plant, both recently commissioned in South East Queensland, were assessed and compared by using the standardized Life Cycle Assessment methodology.
As expected, the electrical energy required for seawater desalination was higher than for water recycling, averaging 3.30 and 1.14 kWh/m 3 respectively for treatment alone as measured over a 12 month period. The plants were found to be significantly less energy efficient when operated at low production flows. A 10% increase in specific energy consumption was measured on the desalination plant when operated at its lower capacity (33% of design flow).
Even more notably, the specific energy requirement varied by up to 40% on the water recycling plant when the plant operated between 17 and 50% of its design production flow.
In both cases, the off-site production of electricity 
